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ABSTRACT: Reduction in row spacing provides a more uniform distribution among plants that can
increase grain yield. The benefits of narrow row spacing can depend on the plant architecture and on
the kind of crop management system. The objective of this study was to assess the effects of narrow
row spacing on the grain yield of maize hybrids growing under different management systems. Six
experiments were carried out in Eldorado do Sul, State of Rio Grande do Sul, Brazil, during the 2003/04
and 2004/05 growing seasons. Each experiment corresponded to a crop management system. Treatments
consisted of two row spacings (0.8 and 0.4 m), two hybrids (Penta and Flash) and two plant densities,
which varied with the crop management system and growing season. Besides plant density, the crop
management systems differed in the quantities of fertilizers applied at sowing, side-dress and use of
irrigation. A complete randomized block design was used in each experiment, in a 2 × 2 × 2 treatment
factorial scheme with four replications. The increases in grain yield with narrow row spacing were
small, ranging from zero to 14%. They depended on the growing season and were manifested only
with yields higher than 10 t ha-1, regardless of the hybrid. The number of grains per area was the
component that best explained the response of grain to narrow row spacing, regardless of plant
density, hybrid and crop management system. Narrow row spacing is a worth management strategy to
enhance maize grain yield when high input cropping systems are used.
Key words: Zea mays, plant arrangement, hybrid, yield components, fertility and irrigation levels
SISTEMAS DE MANEJO E PRODUTIVIDADE DE GRÃOS DE MILHO
SOB ESPAÇAMENTO ENTRELINHAS REDUZIDO
RESUMO: A redução do espaçamento entrelinhas melhora a distribuição entre plantas na área e pode
incrementar a produtividade de grãos. Os benefícios da redução do espaçamento entrelinhas podem
depender da arquitetura de planta e do sistema de manejo empregado. A pesquisa objetivou avaliar os
efeitos da redução do espaçamento entrelinhas na produtividade de grãos de híbridos de milho
cultivados em diferentes sistemas de manejo. Seis experimentos foram conduzidos a campo, em Eldorado
do Sul-RS, nos anos agrícolas 2004/05 e 2005/06. Cada experimento correspondeu a um sistema de
manejo. Os tratamentos constaram de dois espaçamentos (0,8 e 0,4 m), dois híbridos (Penta e Flash) e
duas densidades de plantas, variáveis com o sistema de manejo e anos agrícolas. Além da densidade,
os sistemas de manejo diferiram nas quantidades aplicadas de adubo na semeadura, em cobertura e na
suplementação hídrica. Em cada experimento, o delineamento experimental foi o de blocos casualizados,
em fatorial 2 × 2 × 2, com quatro repetições. Os incrementos na produtividade de grãos com redução do
espaçamento foram de pequena magnitude, variando de 0 a 14%. Eles dependeram da estação de
crescimento e se manifestaram apenas com produtividades superiores a 10 t ha-1, independente do
híbrido. O número de grãos por área foi o componente que melhor explicou a resposta da produtividade
com redução do espaçamento, independentemente de densidade, híbrido e sistema de manejo. A
redução do espaçamento é uma estratégia de manejo válida para incrementar a produtividade de grãos
quando são adotados níveis de manejo muito altos.
Palavras-chave: Zea mays, arranjo de plantas, híbrido, componentes da produção, níveis de fertilidade
e irrigação
INTRODUCTION
The photosynthetically active solar radiation
intercepted (PARint) by the canopy is one of the main
requirements to obtain high yields in the absence of
water shortage (Melges et al., 1989). A strategy to in-
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crease PARint is the choice of plant arrangement, one
of the crop management practices that most influ-
ences grain yield and that can be manipulated by modi-
fying row spacing, density and plant distribution in the
row (Ottman & Welch, 1989; Loomis & Amthor, 1999;
Argenta et al., 2001b; Silva et al., 2006).
The benefits and limitations of narrow row
spacing for maize have been widely discussed during
the last ten years. Some advantages of reducing row
spacing include the more efficient use of environmental
resources, better weed control and higher grain yield.
However, many studies with narrow row spacing in
maize have shown small increases (zero to 10%) in
grain yield compared to conventional spacing (Sangoi,
1990; Sangoi et al., 1998 and 2001; Teasdale, 1998;
Argenta et al., 2001a; Flesch & Vieira, 2004). These
small size responses indicate that other factors may
limit the advantages of using narrow row to increase
grain yield, such as hybrid architecture and manage-
ment system.
Modern maize hybrids tolerate higher plant
densities than hybrids used in the past (Duvick &
Cassmann, 1999; Tollenaar & Lee, 2002; Sangoi et al.,
2002), and the use of narrow rows has greater po-
tential to enhance grain yield at crowded stands (Silva
et al., 2006; Sangoi & Silva, 2006).
Considering the alterations introduced by
breeding programs in recent hybrids, the hypothesis
of this study was that there would be a positive re-
sponse to narrow row spacing, especially in situa-
tions where high grain yield levels are accomplished
and other limiting factors, besides those related to
plant distribution, are met. The objective of this study
was to assess the effects of narrow row spacing on
grain yield, its components and on other agronomic
characteristics of two maize hybrids, cultivated un-
der three crop management systems and two plant
densities.
MATERIAL AND METHODS
Six field experiments were carried out in
Eldorado do Sul State of Rio Grande do Sul, Brazil
(30º05’ S, 51º40’ W, mean altitude 46 m), three in
2003/04 and three in 2004/05. The climate of the re-
gion is humid subtropical, with 1,446 mm mean an-
nual rainfall and 426 mm concentrated from Novem-
ber to February (Bergamaschi et al., 2003). This pe-
riod includes flowering, grain formation and grain fill-
ing of maize when sown in the first 15 days of Octo-
ber. The soil was classified as a typical dystrophic red
clay soil (Embrapa, 1999) and has been cultivated for
the last 13 years under the no till system, with soy-
bean and maize rotation in the summer. The physical
and chemical attributes of the soil are: clay content:
338 g kg-1; pH in water: 5.2; available P: 6.1 mg L-1;
available K: 167 mg L-1; organic matter: 23 g kg-1 and
cationic exchange capacity: 87 mmolc L
-1 (Tedesco et
al., 1995). Phosphorus and potassium soil contents
were extracted through the Mehlich I method.
In the two growing seasons, each of the three
crop management systems (medium, high and very
high) corresponded to one experiment. The treatments
consisted of two row spacings (0.4 and 0.8 m), two
hybrids (Flash, with erect leaves and Penta with flat-
tened leaves) and two plant densities, which varied
with the crop management system and growing sea-
son (Table 1). In the six experiments, a complete ran-
domized block design was used in a 2 × 2 × 2 treat-
ment factorial scheme (n = 4). The two genotypes
were Flash and Penta, single-cross hybrids with very
early and early cycles, respectively. Besides the plant
density, the crop management systems differed regard-
ing the quantity of fertilizer applied at sowing and side-
dress, and in the use of irrigation (Table 1). The fer-
tilizer levels and plant densities used in the medium and
high crop management systems were based on the
Table 1 - Characteristics of the three maize crop management systems in each growing season.
1/In the medium crop management system, irrigation was performed only with high water shortage during the most critical period from
14 days before (V15 stage) to twenty days after flowering (R3 stage).
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technical recommendations for maize of the states RS
and SC (CQFS RS/SC, 2004; Reunião, 2005). The two
experiments with very high crop management system,
were based on trials conducted previously at the same
place by Argenta et al. (2003) and by Forsthofer et al.
(2006).
Maize was sown on 21 October 2003 and 13
October 2004. Plant densities were adjusted to the re-
quired values 14 days after seedling emergence, at the
V2 stage, following the development scale proposed by
Ritchie et al. (1993). In all the crop management sys-
tems, the sowing and side-dress fertilizers were per-
formed by hand on the row. At sowing, it consisted
of a mixture of urea (45% N), triple super phosphate
(42% P2O5) and potassium chloride (60% K2O) and for
side-dressing just urea. The rates of each applied fertil-
izer are described in Table 1. The N levels applied on
side-dressings varied with the crop management sys-
tem. Thus, in the medium crop management system 60
kg ha-1 were applied at the five expanded leaf stage (V5).
In the high crop management system, 50 and 70 kg ha-
1 of N were side-dressed at the V4 and V10 stages, re-
spectively. In the very high crop management system,
45, 65 and 75 kg ha-1 of N were applied at the V3, V9
and pre-flowering stages, respectively.
During the two years the meteorological data
to calculate the water balance were obtained from a
meteorological unit located at 1.3 km from the experi-
mental area. Although only the data regarding the pe-
riod between October and March are presented for
each growing season, the water balance was calcu-
lated between September and April, considering 75 mm
as available water capacity in soil. In the high and very
high crop management systems, maize irrigation re-
quirements were considered similar. They were esti-
mated by the installation of three tensiometers at 0.2
m and three at 0.4 m depth in three replicates. In the
medium crop management system, irrigation was car-
ried out only when there was great water shortage dur-
ing the most critical period, between 15 days before
the booting (V15) and 20 days after flowering (R3).
Whenever the water potential in the soil was less than
-0.04 MPa, sprinkle irrigation was applied at the rate
of 8 mm h-1. Weeds and pests were controlled equally
in all experiments not to affect crop performance.
Grain yield, its components and kernel crude
protein content were determined. Grain yield was as-
sessed in the three central lines of each experimental
unit of 0.8 m row spacing and in the six central lines
on the 0.4 m row spacing, excluding 0.5 m at each
row end, comprising an experimental area of 9.6 m2.
Values of grain weight were corrected to the standard
moisture of 13%, and extrapolated to one hectare. The
number of ears per area was estimated by the ratio
between the number of ears collected in the plot and
the respective useful area. The mass of one grain was
obtained by counting and weighting samples of 400
grains. The number of grains per area was estimated
by the ratio between grain mass of the plot and the
mass of one grain. The kernel crude protein content
was determined by grinding a 20 g grain sample from
the plot to obtain the N content and multiplying the
value by 6.25 (1% N corresponds to 6.25 g protein)
(Tedesco et al., 1995).
The data from each experiment were submit-
ted to the analysis of variance by the F test (p < 0.05).
When statistical significance was reached, the means
of the treatments were compared by the DMS test
(p < 0.05), all proceeded using the Statistical Analysis
System (SAS Institute, 1996) for balanced data (PROC
ANOVA). Data from each crop management system,
for each growing season, were analyzed individually as
one experiment, according to the characteristics of the
treatments and the proposed objectives. Because the
objectives of this study here we only shown the results
of simple effects of narrow spacing or its interaction
with plant density or with the hybrid.
RESULTS AND DISCUSSION
The water shortage observed during most
maize cycles was greater than the historic mean of the
region at both growing seasons. In the first year, there
were water shortages ranging from 10 to 40 mm at
stage V6, between stages V15 and R3 and between R4
and R6 (Figure 1). In the second year, the water short-
age was even more intense than in the first, especially
Figure 1 - Water shortages at 10-day intervals throughout maize
cycle for three crop management systems, relative to
two growing seasons and the historic mean between
1969/1999, in Eldorado do Sul-RS. Data obtained from
the agricultural meteorological department of FA/
UFRGS. 1/According to the development scale
proposed by Ritchie et al. (1993).
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during the reproductive period (R1 to R6). Water defi-
cits varied from 10 and 55 mm among the V12 and R3
stages and in R5. Because of the irregular rainfall be-
low the demands of the crop, in the experiments with
high and very high crop management ten irrigations
of 20 mm were made in the first year, distributed
throughout the cycle. In the second year, 11 irrigations
were performed, eight of which concentrated between
the V12 and R4 stages. In the two years, irrigation sup-
plied most of the plant water demand. However, ad-
equate water availability may not have been sufficient
for full plant development, because temperature, rela-
tive air humidity and the nutritional state also affect
maize metabolism and plant growth.
The low water availability during the maize
cycle reduces grain yield in several cropping regions,
the great losses occurring between 15 days before
(V15) and 20 days after flowering (R3), because dur-
ing this period of the cycle the atmospheric evapora-
tion is of the order of 8 mm day-1 (Matzenauer &
Machado, 2002) in our study area. In other studies
with maize (Silva et al., 1999), it was verified that in
time the reduction in grain yield occurs mainly due to
increases in the anthesis-silking interval, which reduces
the number of grains per plant. In Eldorado do Sul-
RS, water shortage throughout the maize cycle may
occur in more than 60% of the years (Matzenauer &
Machado, 2002). Under these conditions, the maize
grain yield shows that adequate water distribution dur-
ing the critical period is more important than the total
quantity of rainfall and/or irrigation throughout the
cycle. These results are in agreement with those re-
ported by Matzenauer & Machado (2002) when study-
ing water availability for maize in years of different
rainfall in Eldorado do Sul-RS. Thus, the adoption of
irrigation may be considered an essential practice to
obtain high maize grain yield in the main cropping re-
gions of Brazil.
Medium crop management system
In the medium crop management system, cor-
responding to the decrease of row spacing from 0.8
to 0.4 m did not affect grain yield, regardless of plant
density, hybrid or growing season (Table 2). In the
2003/04 growing season, the average grain yield was
8.1 t ha-1 in the two row spacings and in the second
year, yield values were lower, 2.1 and 2.3 t ha-1, re-
spectively, in the smaller and greater row spacing
(Table 2). In both years, the response of grain yield
components to narrow row spacing did also not de-
pend on plant density or hybrid (Table 2). However,
in 2003/04 the reduction of row spacing from 0.8 to
0.4 m increased the number of ears per area (13%),
decreased grain mass (5%), but did not alter the num-
ber of grains per area. In the second year, row spac-
ing did not influence any of the grain yield components,
regardless of plant density or hybrid.
The kernel crude protein content was 22%
lower in the 0.4 m row spacing compared to the 0.8
m spacing during the first growing season, but only
in the low plant density (4.5 pl m-2) (Table 3). There
was an inverse response in the second year, with in-
creases of 10 and 16% in kernel crude protein con-
tent for both hybrids, respectively, when row spacing
was reduced to 0.4 m (Table 3). The increase in plant
density from 4.5 to 6.0 pl m-2 reduced by 19% the ker-
nel crude protein content only in the greater row spac-
ing, in 2003/04.
High crop management system
The average grain yield in the experiments
with high crop management system were 11.8 and
9.1 t ha-1, respectively, in the first and second years.
In 2003/2004, row spacing reduction from 0.8 to
0.4 m increased grain yield (10%), the number of ears
(12%) and grains per area (15%) and reduced grain
mass (12%), regardless of plant density or hybrid
(Table 2). In 2004/2005, row spacing did not affect
grain yield and its components, regardless of plant den-
sity or hybrid (Table 2).
In the first year, row spacing reduction from
0.8 to 0.4 m promoted a 27% increase in Penta kernel
crude protein content (Table 3). Penta had also a 20%
higher kernel crude protein content than Flash in the
smaller row spacing. An inverse response was observed
in the larger row spacing, in which Flash presented a
13% edge over Penta. In the second year, kernel crude
protein content did not vary with row spacing.
Very high crop management system
When a very high crop management system
was adopted, row spacing reduction from 0.8 to
0.4 m increased grain yield (5%) and the number of
grains per area (4%) in 2003/2004 (Table 2). In the
second year, the narrow row spacing increased grain
yield from 9.8 to 11.2 t ha-1 (14%) for the plant den-
sity of 9.9 pl m-2, and no effect was observed for the
density of 7.5 pl m-2. Increase in plant density from
7.5 to 9.9 pl m-2 enhanced grain yield from 9.6 to 11.2
t ha-1 (17%) only in the smaller row spacing (0.4 m).
As well as verified in the second year of the medium
and high crop management systems, in the very high
management systems the grain yield components did
also not vary with row spacing (Table 2). In both
years, kernel crude protein content was not affected
by row spacing, regardless of plant density or hybrid.
Differences in grain yield between growing
seasons for the three crop management systems can
be attributed to greater water shortage (Figure 1) and
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the increased plant density (Table 1) observed in the
second year. For the three crop management systems,
in the 2004/05 growing season the interval between
the smallest and highest plant density was 33% (1.6
to 2.4 pl m-2), while in the first year the variation be-
tween the two densities was between 23% to 33% (1.5
pl m-2) (Table 1). Thus, in the second year the plant
density intervals were more uniform between the three
crop management systems. Specially for the medium
crop management system and in the second year, the
greater water shortage that occurred throughout the
maize cycle (Figure 1) and the higher plant density
caused higher reduction in grain yield. According to
Madonni & Otegui (2004), as density increases, the
number of dominated plants also increases, character-
ized by slow development, small stem diameter and
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Table 2 - Maize grain yield and its components in three crop management systems and two growing seasons as a function
of row spacing, considering the mean of two plant densities and two hybrids1.
1In each crop management system means followed by different letters on the line differ by DMS’s test (p < 0.05); ns No significative by
DMS’s test (p < 0.05).
reduced grain yield. As there was less rainfall in the
second than in the first year, in the medium crop man-
agement system the correct strategy would have been
to use lower plant population and not higher density
as occurred in the present study, specially because the
absence of water supplementation. However, plant den-
sity was defined before maize was sown and the wa-
ter deficit intensity could not be foreseen.
The grain yield differences among crop man-
agement systems showed the marked response of maize
to changes in field cropping practices. The increases in
fertilizer quantity and plant density and the use of irri-
gation enhanced yield values from the medium to the
high and very high management system at both grow-
ing seasons, which is corroborated by results reported
by Argenta et al. (2003) in the same region.
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Positive effects of row spacing reduction on
grain yield occurred in three of the six experiments and
did not depend on the hybrid (Table 2). The more uni-
form spatial distribution among plants with narrow row
spacing, when the plant density was maintained, in-
creased grain yield in the high crop management sys-
tem in the first year (10%) and in the very high in both
years (5 and 14% in the first and second years, re-
spectively). Thus, when there were increases in grain
yield, they were small, did not depend on the hybrid
and were only manifested in crop management sys-
tems with grain yield greater than 10.0 t ha-1. The ab-
sence of hybrid and row spacing interaction in five of
the six experiments contradicted results obtained by
Argenta et al. (2001a), who reported greater potential
in grain yield response to narrow row spacing for hy-
brids with erect leaves, such as Flash. On the other
hand, the magnitude of yield increases obtained with
row spacing reduction confirmed results obtained by
Mundstock (1977), Sangoi (1990), Sangoi et al.
(1998), Teasdale (1998), Argenta et al. (2001a and b),
Flesh & Vieira (2004) and Balbinot-Júnior & Fleck
(2005a).
The lack of grain yield response to the reduc-
tion of row spacing from 0.8 to 0.4 m in most trials
(Table 2) showed that the potential benefits of narrow
row spacing may not result in higher productivities,
specially when yield levels were low or medium (<8.0
t ha-1). The absence of positive response to narrow
row spacing under less favorable crop management
systems showed that there were other factors, such
as water and nutritional shortages, lower grain yield
potential, unsuitable sowing time and limitations in
weed, pest and disease control, which can limiting
crop yield more than the plant arrangement.
The behavior of grain yield observed especially
in the medium crop management system did not sup-
port the argument presented by Fundação Rio Verde
(2002) that more uniform distribution among plants,
due to narrow row spacing, increased grain yield un-
der conditions of water and nutritional limitations, due
to the more homogeneous placing of the root system,
better soil use and greater efficiency in water and nu-
trient absorption. A more uniform spatial distribution
among plants was an efficient strategy to lift maize pro-
ductivity only under satisfactory moisture and soil fer-
tility conditions, when grain yield was high. In these
cases, the more equidistant plant arrangement in the
row provided by narrow row spacing resulted in a bet-
ter use of the environmental resources like water, light
and nutrients. This conclusion is in agreement with
Strieder et al. (2007), who carried out a study in the
same area of the present research, assessing the ef-
fect of narrow row spacing on maize hybrids with dif-
ferent leaf architecture and in a high grain yield po-
tential.
The number of grains per area also increased
only in the experiments where row spacing reduction
increased grain yield (in the first year with the high
crop management system and the two years with very
high crop management systems) (Table 2). The num-
ber of grains per area was the component that best
explained the variation in grain yield with narrow row
spacing. The same trend was reported by Sangoi et al
(2002) and Madonni & Otegui (2004).
Kernel crude protein content was not affected
by narrow row spacing in five of the six experiments
(Table 3). Maintaining the plant density, the more uni-
form spatial distribution between plants increased ker-
nel crude protein content only in the second year in
the medium crop management system which was the
trial with the lowest grain yield. Thus, the effects of
row spacing on grain yield and on the kernel crude
protein contents shows that grain quality increased
only in the situation with the lowest grain yield (2.2 t
ha-1), while with productivities higher than 8.0 t ha-1,
row spacing did not affect this characteristic.
Narrow row spacing can increase maize grain
yield under high input crop management systems. In
the present study the economic analysis was not to
proceed to evaluate if these grain yield increments re-
flect in a higher economic return of the investments
and so, justify the greater amount of expenses in the
highest management levels. However other studies con-
ducted in the same locality (Sangoi et al., 2006;
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Table 3 - Kernel crude protein content in the medium and in
the high crop management system as a function
of two row spacing and two plant densities and
two hybrids in the two years1.
1For each interaction and growing season, means followed by the
same lower case letter in the line and means followed by the
same uppercase letter on the column, did not differ by DMS’s
test (p < 0.05).
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Forsthofer et al., 2006) demonstrates that higher in-
vestments in technology may increase the potential of
maize grain yields. In these studies different manage-
ment levels (low to high) were used and also narrow
row spacing on to the highest levels, as in the present
study. According the authors, these economic benefits
are specially important in the October sowings, like in
the present study, when in South of Brazil its possible
to have a synergy between the incidence of the maxi-
mum solar radiation level with full maize flowering, i.e.,
when the leaf area index is the highest. Thus, there is
highest light interception by the canopy and, accord-
ing to these authors, the adoption of maize genotypes
of higher grain yield potential, the use of greater plant
densities and the application of more fertilizers, allow
increasing the economic return on maize. Moreover,
this cropping practice can also be used by farmers
lower capacity to invest in technology due to other
potential benefits that include: decrease in weed devel-
opment and infestation (Tollenaar et al., 1997; Johnson
et al., 1998; Argenta et al., 2000), reduced herbicide
use and dosage (Forcella et al., 1992; Teasdale, 1998;
Balbinot Júnior & Fleck, 2005b) and decreased the risk
of toxic effects caused by fertilizer salinity on the seeds
(Fundação Rio Verde, 2002). A further potential advan-
tage is the increased efficiency in soil and water con-
servation, due to early closure of row spaces in the
canopy, decrease in superficial runoff and soil and
water losses from erosion (Sangoi et al., 2001; Cogo
et al., 2003). Furthermore, narrow rows may increase
the efficiency of using equipment on the farm, espe-
cially for sower-fertilizers, because they allow a uni-
form row spacing regulation for sowing the two main
summer crops (maize and soybean) without adjust-
ment (Mundstock & Silva, 2005).
The potential advantages of using closer rows
should be counterbalanced by the producer with some
limitations because, in addition to frequently not increas-
ing grain yield, adoption of this cropping practice hin-
ders crop treatment application in post emergence and
increases production costs, because harvesting plat-
forms and tractor tire diameter need to be adapted to
this row spacing. Progress has been made recently in
the offer of equipment adapted for maize cropping with
narrow row spacing (Argenta et al., 2001b), although
the cost of harvesting platforms is still high.
CONCLUSIONS
Maize grain yield increases were small with
narrow row spacing, depended on the growing sea-
son, occurred only when grain yields were higher than
10.0 t ha-1 and did not provide more efficient use of
the environmental resources when maize yields were
low or medium (<8 t ha-1). The hybrid plant architec-
ture did not interfere in maize grain yield response to
narrow row spacing. The number of grains per area
was the component mostly associated to grain yield
response on narrow row spacing, regardless of plant
density, hybrid or crop management system.
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